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INTRODUCTION 
Sunflowers (Helia nthus a nnuu s L. )  rank third i n  
acreage a mong the world's oil crops (3). Appr oxima tely 
1 85, 000 ha of sunfl owers a re grown in South Da kota each 
year (32). Despite sunflower's economic importance, few 
herbicides a re a va il a bl e for use in the crop a nd m a ny of 
the herbi cides commonly u sed on soybea ns (Gl ycine� (L.) 
Merr. ) and corn (Zea ma ys L. )  will harm sunfl owers. 
Therefore, weed infesta tions a re a major fa ctor 
confronting the sunfl ower grower. Wil d musta rd (Bra ssica 
ka ber (DC.) Wheeler) and green foxta il (Setaria viridis 
(L.) Bea uv. ) commonl y infest sunfl ower fiel ds in North a nd 
South Dakota. According to a survey i n  North Da kota, 94% 
of the sunflower fields conta ined green foxtail and 75% 
contained wil d mustard (7). Wil d musta rd i s  very 
competitive a nd one wil d musta rd pl ant/m of crop row 
redu ces yiel d (22). 
EPTC (S-ethyl di propyl th i ocarbama te), trifl ura l in 
(a , a, a -triflu oro-2, 6-dinitro-N-N-dipropy l-p-tol uidine), 
and chl ora mben (3-ami no-2, 5-dichl orobenzoi c a cid) a re 
l abel ed for control of annua l grasses a nd certa i n  
broadl ea f weeds i n  sunfl ower fi el ds (3 4). A l though 
herbi ci des a re a vaila bl e for gra ss control , more _effecti ve 
ones a re needed to control broa dl ea f weeds i n  sunfl ower 
fi el ds. A postemergence herbi ci de woul d si gni fica ntly a i d  
weed control a nd could be u sed i n  conservati on till a ge 
3 
REV IEW OF T HE LITERATURE 
EPTC a nd Epicuticul a r  Wa x 
The cuticle is defined a s  a protective membra n e  
which covers the epiderma l cel l s. Cutin a nd wa xes a re t he 
two prima ry el ements of the cuticle. The cutin forms the 
grid of t he membra ne a nd the wa xes a re both embedded an d 
extruded from the membra ne surfa ce. The ext rudi ng waxes 
form a wa xy surface bl oom. Cel l ul ose a n d  pect in combi n e  
with the cutin a s  t he membra ne covers the outer wa l l  of 
the epiderma l cell s (1 , 8, 1 8). 
EPTC reduces production a nd -changes the morphol ogy 
of epicut icul a r  wa x i n  cabbage (Bra ssica ol era cea L. ) (9 , 
10, 21, 3 6). Gentner reported tha t the amount of wa x 
deposition on ca bbage l ea ves wa s correl a ted with the 
appl ica tion ra te of EPTC (13 ). Wa x deposit ion wa s 
in hibited by more tha n 9 0%.  The reduct i on in epi cut i cul a r  
wax; however, is grea t est on t he l eaves devel opi n g  
immedia tel y subsequent t o  soi l t rea tment . This effec t wa s 
progressivel y  less on l ea ves which devel oped on subsequen t 
nodes (9 ). EPTC reduced. the amoun t of surface wax on t he 
na vy bean (Phaseol us vul gari s) (3 6, 3 7). Wa x depositi on 
wa s reduced 84% from t he 4. 5 kg a i/ha rate of EPTC (3 7). 
The morphol ogica l chara cteri stics of the l eaf wa x 
bl oom of vari ous speci es was al t ered wi t h  EPTC (10, 13 , 
20, 21, 3 2, 3 6). Sc an n i ng El ec t ron Mi croscopy (SE M) was 
used t o  vi ev t he epi cut i c ul ar wax on EPTC t reat ed c orn 
4 
(21). Ma ny methods of specimen prepa ra t i on c a n  be u sed 
a nd were eva l u a ted by Pa rson et a l  (28). Aggrega tion of 
the lea f wa x wa s observed on the EPTC trea ted ca bbage 
leaf. Epicuticula r wa x from both a trea ted a nd 
n on-trea ted cabba ge lea f a ppea red a s  a n  int erc onnecting 
network of wa x projections. This network wa s diminished 
by EPTC (20 ). On the lea ves of control pl ant s, Wy se fou nd 
sma l l  fl akes of epic uticul ar wa x evi den t t ha t  did n ot 
a ppear on l ea ves t reated with EPTC (3 7). 
Epicuticul a r  wa x fine structure influences 
weta bility (1 3, 16 ) which in turn affects ret ention. 
Herbicide penetra tion is direct ly rela ted t o  dropl et 
retention . Studies ha ve determined the surfa ce a rea of 
a queous dropl et s on a lea f a nd how cont a ct a ngl es rel a t e  
t o  lea f penetration (2, 5, 6 ,  12, 16 , 27, 3 0 ). The 
conta ct a ngle of a droplet on a lea f cont a ini ng n orma l 
quant it ies of wa x wa s 148°, wherea s t he cont a c t  a ngl e of 
the dropl et on the l eaf with reduc ed wa x wa s 94° (13 ). 
The a rea u nder t he droplet was 277% grea t er on the l eaf 
with redu ced wa x (13 ). Therefore, wi th reduced wa x ,  
great er herbicide penet ra t ion m a y  occ ur. 
Wa x Composition 
R esea rc hers ha ve i nvestiga t ed t he chemi ca l 
st ruct u re of epic u t i cu l a r wa x of man y  speci es (11, 15, 17, 
19, 33) .  EPTC a l tered t he wa x composition of developing 
c a bba ge l eaves, but di d not affect c u t i n  composition. The 
alkane , keto ne and secondary alcohol co ntent �f 
epicuticular . wax was reduced and ester co ntent increased 
( 1 1 ) • Altho ugh relative amo unts changed , homo logue 
composition within a chemical group was not altered . 
Cuticular Transpiration 
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Plants lose water to the atmosphere by stomatal and 
cuticular transpiration . Cuticular wax, environmental 
co nditio ns and guard cells o f  the stomates regulate the 
relative amo unts df water lost ( 1 4) . At one time it was 
tho ught that cuticular wax did not play a ro le in 
transpiratio n  ( 2 3) , but had o nly a protective f unction . 
Researchers have since discovered that water relatio ns are 
af f ected by epicuticular wax (2 9) . Gentner repo rted that 
as the rate o f  EPTC increased , the transpiration rate o f  
the af f ec�ed leaves increased ( 1 3, 2 1 ) . Wyse o bserved 
severe wind blast injury and leaf desiccatio n  in navy 
beans treated with EPTC under cqnditions o f  low humidity, 
high winds , and limited so il moisture (3 7) . 
Sun f lo wer Response To Acifluorfen 
While wild mustard contro l was ex cellent, sunflower 
injury o ccurred when a rate o f  0.28 kg. ai/ha o f  
aci f luorfen was applied to sunflower plants in the 4 leaf 
stage (2 4). Ho wever, acifluorfen applied at 0 . 07 kg a i /ha 
in the 4-8 leaf stage o f  sunflowe� �aused only 1% cro p  
i njury and gave 8 3 %  wild mustard c ontrol (25, 2 6) .  
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Herbicid e I n teraction 
Under field cond ition s, plan ts pretreate d  with 
herbicides that in hibit epicuticular wax could be more 
sensitive to postemergence herbicide application s (10, 
1 3) .  EPTC at planting predisposed corn to in creased crop 
in jury from later applications of paraquat (1 , 1' -dimet hy l 
-4, 4'-bipy rid inium ion ) (21). EPTC in d uced epicuticular 
wax aggre gation caused in cre ased paraquat uptake. Anothe r 
stud y reported an in cre ase in toxicity in EPTC treat e d  
cabbage plants from a postemergence application of DNBP 
(4, 6 -d initro-o-scc- buty lphen ol) (13). A similar respon se 
was observed when EPTC pretre ated pea (Pisum sativum L. )  
plants we re treated with d iallate (S -(2, 3-d ichloroallyl) 
d iisopropy lthio-carbamate). These plants became. 
in creasing ly sen sitive to the herbicid al action of 
foliarly applied propanil (3', 4'-d ichloropropionanilde 
[N -(3, 4-d ichloropheny l) propionamid e] (31). EPTC treated 
pl ants may also have le ss resist e n ce t o  pathog ens. Wyse 
reported t hat navy bean seed lings grown in soil tre at ed 
with EPTC were more susceptible t o  root rot caused by 
(Fusari um solani (Mart . )) (35, 36 ). 
Previous research suggests that EPTC affect s the 
epicut icul ar wax of several speci e s, as well as 
precon d i t i on in g  plants to ad di t i onal crop i n jury from 
lat e r  applicat ion s of a posteme rg en ce he rbi ci de. 
Aci fluorfe n is e ffe cti ve for post e me rge n ce wi ld must ard 
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control; however, a phytotoxic response from sunflowers i s  
evident at higher rates of application. 
MATERIALS AND METHODS 
Greenhouse Plant C ulture and Herbicide Application 
Sunflower plants were grown in soil which had been 
treated with EPTC at rates of 0.0 , 1 . 68,  3 . 3 6, 5.0 4, and 
6 . 72 kg ai/ha. EPTC was sprayed with a greenhouse pot 
sprayer onto a sandy loam soil with a pH of 7 . 1  and 
organi c  matter content of 3. 6%. The treated soi l  was 
m i xed with a Y tube soil blender and then transferred to 
946 ml waxed disposable pots, which had been partially 
filled with untreated· soi l. T�eated soi l  overlayed 
untreated soil in each pot at a depth of 7 .62 em. Three 
sunflower seeds were plan ted in each pot at a depth of 
3 . 8 1  em. The plants were grown in a greenhouse 
supplemented with artifi cial lighting and with a 
temperature of zoo C to 320 C.  
Cuticular Transpiration 
The effect of EPTC on the rate of tran sp i rati on 
through the cuticle was determined by measuri n g  the rate 
of water loss from exci sed sunflower leaves. When the 
sunflower plants were in the 6-leaf stage, leaves 5 and 6 
were exci sed. The area of the leaves was measured with 
an automatic area meter. Lan noli n  was appli ed to the cut 
peti ole and the stomates were allowed to close as evident 
by slight wilting and visual inspection under ·a 
microscope. After stomatal closure was complete, weight 
loss was attributed to cuticular tran sp�ration. V alues 
are the ave rage _of two experimen ts with four replication s  
of each treatment an d with 6 leaves harvested per 
replication . 
Gravimetric Determination of Epicuticular Wax 
When the sun flower plan ts were in the 6 -leaf 
stage, the fifth an d sixth leaves were removed , placed in 
the bottom of a 1 liter beaker, and washed three times 
for 10 s each time with 100 ml of chloroform. The area 
of the leaves was measured with an automatic area meter 
(Lambd a I n strumen ts) . The chlorofo�m-epicuticular wax 
extract was filtered through Whatman No. 1 filter paper 
into preweighed evaporating tin s. After the solvent was 
evaporated for 1 8  h at room temperature, the tins were 
reweighed , and the weight of epicuticular wax per cm2 
leaf area was calculated . Values are the average, of two 
experimen ts, four replications per treatment, with 12 
leaves harvested per replication. 
Nuclear Magnetic Resonance 
The effect of EPTC on the chemical struct ure of 
epicuticular wax was d etermined by Nuclear Magnetic 
Resonance (NMR). When sunflowe r plants were in ·the 
8 
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6-leaf sta ge, lea ves five a n d  six were ex cised a nd 
immersed in carbon tetrachloride for 30 s to remove 
surfa ce wax. Only leaves from the cont rol a n d  5.04 kg 
ai/ha were used . The leav es were removed from the carbon 
tetr ach lorid e and then the carbon tetrachlorid e  was 
evapora ted . The r emain ing resid ue wa s brought up to 2 ml 
volume wit h d eut erized chloroform an d placed in  a NMR 
t ube. Cha nges in leaf wa x structure were evaiua ted with a 
Perkin Elmer R12B Nuclear Ma gnetic Resona nce 
Spect rophotometer. 
Scann ing Electron Microscopy 
Scanning Electron Microscopy (SEM) wa s used in a ll 
observa tions of leaf fine structure. Scannin g elect ron 
micrograph s were mad e with a I nternational Scien tific 
I nstruments Super I �I A SEM of the ad axia l surface of 
fresh sunflower ·leaves. Micrographs were ma d e  of the 
fifth lea f when pla nt s were in the 6-lea f sta ge. On ly 
lea ves from the cont rol, 5.04 (greenhouse) a nd 6 . 72 
. (field ) kg ai/ha rates of EPTC were used . Rectangula r 
leaf pieces (4 X 8 mm) were cut from each lea f at on e 
sid e of the mid vein near the leaf cen ter. The lea f 
pieces were glued aba xia l surface d own with met allic glue 
to the t op of a n  alumin um SEM stub. The stubs were t hen 
pla ced in the SEM and micrographs taken on Pola roid t y pe 
55 film at 10 kv a ccelera tion pot entia l. Microg ra phs 
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were ta ken within 15 minutes from the ti�e the· leaf pie�es 
were cut. 
Field Ex periments 1984 
In 1984 , field stud ies were con d ucted nea r Toron to 
a nd White, S outh D a kota . The experimenta l d esign wa s a 
ra n d omized complete block with four replica tions. Plot 
size wa s 2.3 by 30 . 5  m a nd plots were a rra n ged in a 5 X 5 
fa ctoria l. 
EPTC wa s a pplied prepla nt a t  0. 0 ,  1. 6 8, 3. 36 , 5 •. 04 
a n d  6 . 72 kg a i/ha with a n  ex perimental plot spray er 
eq uipped with four Tee Jet 8002 fla t fa n nozzles spaced 
51 em apart. The boom wa s held 46 =c� a bove the soil 
surface to provide uniform a pplication over a n  a rea 2 m 
wide. The nozzles d elivered 187 1/ha spray solution a t  
276 kPa pressure a nd ground speed of 4. 83 km/hr. The 
herbicid e  wa s incorpora ted into the soil immediately 
a fter a pplica tion by making two passes with a field 
cultivator set to a depth of 7. 6 em. 
The sunflower va riety 'Sta uffer 3100 '  wa s pla nted 
t o  a chiev e a popula tion of 6 1, 70 0 plants/ha in rows 
spaced 76 em a pa rt. Ca rbofura n (2, 3-Dihyd ro-2, 2-
dimethy l-7-benzofura nyl methy lcarbamate) was ba nd ed on 
the rows for insect control. 
When the sunflowers were in· the 6 -8 leaf sta ge a t  
Toront o and the 6 -leaf stage a t  White, a cifluorfen wa s 
applied factorially at 0 . 0, 0. 071, 0. 14, 0. 28, and 0. 56 
11 
kg a i/ha with the sa me sprayer nozzle size, ca rrier volume 
a nd speed a s  a bo ve. The co mbination o f  0 ra tes o f  both 
herbicides co nstituted the untreated co ntro l. 
Stem diameter , height, and visual cro p injury 
r atings wer e taken 2 weeks a fter the tr ea tment o f  
acifluorfen. The her bicide a pplication, planting, 
eva lua tion a nd sa mpling da tes a re shown in Ta ble 1 .  
Injury ra tings were ba sed on a sca le o f  0 t o  1 00, with 0 
indica ting no visua l injury a n d  1 00 represen ting total 
death of the crop. Using a ca liper, stem diameter a t  the 
ba se wa s mea sured o n  10 ra ndomly cho sen pla nts per plot. 
Accuracy o f  the measured va lue wa s to 0. 01 em. Ten 
ra ndomly chosen pla nts within ea ch plot were cho sen for 
height mea surement. Sunflower yields were determined by 
h�nd ha rvesting a mea sured a rea , threshing with a plot 
thresher, weighing the sample a nd converting it to kg/ha. 
The meteoro logica l da ta were evalua ted for both loca tions 
and are co nta ined in Ta ble 2. 
The so il a t  the Toronto loca tion wa s a n  Estelline 
silt loa m (Pa chic Udic Haplobo ro lls, fine-silty o ver sa ndy 
mixed) with a pH of 6 .5; orga nic ma tter content of 3. 9%; 
a nd sa nd, silt, a nd cla y co ntent of 19, 6 3, a nd 18%, 
respectively. The soil a t  the White lo cation wa s a 
Kra nzburg silt loa m (Udic Ha ploborolls, fine-silty, mix ed) 
with a pH of 6 .5; orga nic ma tter content of 5.6 %; and 
sand, silt, and clay content of 1 7 , 58, and 2 5 % , 
respectively. 
Field Experiments 1 98 5  
Two field studies were conducted on the South 
Dakota Sta� e University Agronomy ·Farm in 1 98 5 . The 
experiments were arranged in a randomized complete block 
design with four replications. Plot size was 2 . 3 by 
1 5 . 2  m. 
1 2  
EPTC was applied preplant at 0.0, 1 . 68, · 3 . 3 6, 5 . 04 
and 6. 72 kg ai/ha with an experimental plot sprayer 
eq uipped with four Tee Jet 8 0 0 2  flat fan nozzles spaced 
5 1  em apart. The boom was held 4 6  em above the soil 
surface to provide uniform application over an area 2 m 
wide. The n ozzles delivered 1 8 7 1 /ha spray solution at 
2 7 6  kPa pressure and ground speed of 4 .83 km/hr. The 
herbicide was incorporated immediately after application 
by making two passes with a field cultivator set to a 
depth of 7 . 6 em. 
The sunflower variety 'Stauffer 3 1 0 0' was planted 
to achieve a population of 6 1 , 7 0 0 plants/ha in rows 
spaced 7 6  em apart. The plant material from the field 
experiments was used for cuticular transpiration, n uclear 































Table 1. Location and dates of EPTC and acifluorfen application, planting, 
evaluations, and plant sampling for field experiments in 1984. 
Application 
Location Dates 
\�hit e May 11, 19848 
June 29, 1984b 
Toronto May 12, 1984a 
June 29, 1984b 
anate EPTC was applied 
hnate acifluorfen was applied 
Planting 
Dates 
May 20, 1984 
May 20, 1984 
Evaluation 
Dates 
July 13, 1984 
July 14, 1984 
Plant 
Sampling 
October 3, 1984 




Table 2. Temperature and precipita tion da ta for a 6 month 
perio d at White, So uth Dako ta a nd To ronto, South Da ko ta in 
1984 . 
Temper ature (CO) Precipitatio n ( mm) 
White To ronto \.Jhi te Toron.to 
April 6.3 6.7 85.9 83.3 
Ma y 11.7 12.9 77.7 6 5.0 
June 18.3 19. 0 215.4 201.2 
July 21 .0 21.7 55.1 30.0 
August 21.2 22.6 41 .7 27.7 
September 15.5 13.6 46 .5 9 0. 2  
To tal 522.0 4 9 7 .4 
Mean 14.7 16.1 87 . 0 82.9 
15 
At loca tion one, the soil wa s a Vienna lea rn (Udic 
Haploborolls, fine-loamy , mixed) with a pH of 7. 7; orga nic 
matter content of 3.7%; and sand, silt, a nd cla y content 
of 37, 39, a nd 24 %, respectively. The soil a t  location 
two was a Lismore silty clay loam (Pachic Udic 
Haploborolls, fine-loamy, mixed) with a pH of 6 .5%; 
organic matter content of 4 .5%; a nd sa nd, silt, a nd cla y 
content of 37, 39, a nd 24% , respectively . 
1 6  
RESULTS AND DI SCUSSI ON 
Cuticular Transpiration 
No significant differences in water loss fro m 
sunflower leaves were observed in field experiments ( data 
no t shown) . My r esults are similar to those reported by 
Leavitt et al (20) . 
However, in the greenhouse, EPTC increased cuticular 
transpiration ( F igure 1). A linear response over time 
occurred for both the 5.04 and the 1.6 8 kg ai/ha rates of 
EPTC. Leaves treated with 6 .72 kg/ha transpired linearly 
with a greater rate of moisture loss until reaching a 
maximum, where the moisture loss tapered off. The 
cuticular resistance decreased as the rate of EPTC 
increased. 
The difference in the results between the field and 
greenhouse experiments could be that less herbicide 
volatilization occurred in the gieenhouse and thus mo re 
herbicide was available to the plant. Greater herbicide 
availability magnified the effects of EPTC in the 
greenhouse experiments. Also, the difference could be that 
the plants naturally produced more wax in the field than in 
the greenhouse. Plants grown in the field could have been 
stressed and could have produced enough wax to prevent 
water loss. 










,.,...... ,.,...... ,.,......� 
/ 
,.,...... 








/ . ,.,...... _...�,.,...... ' � 
__,.,� 







a ��--;;--�::_::j 0 
5.04 W=0.79+0.28T R •.93 . 
6.72 W•-O.OJ+0.76T-0.01T2 R�•-96 
a 24 12 15 18 21 g 6 
TIME <HOURS> 




Quantitative Wax Determina tion 
The effect of EPTC on epicuticular wax deposition 
is sho wn in Table 3. EPTC significantly reduced the 
amo unt o f  epicuticular leaf wax, at both the 5.04 and the 
6. 72 r ates. EPTC ·did no t change the chemical str uctur e of 
the epicut�cular wax (Figure 2) . The three main peaks on 
the gra ph represen t  the fla vonoids, triterpenes, keton es, 
fa tty a cids, a nd a lipha tics. 
5. 04 kg/ha pea ks a re simila r. 
Both the untrea ted a nd the 
Tetra Methyl Silene (TMS) 
was the standard used for ca libration in this pr o cedure. 
Scanning Electron Microscopy 
Sunflower leaves from treat�d· an d untrea ted pla nts 
grown in the greenhouse and field were observed with a 
scanning electron micr o scope (Figure 3). The surfaces of 
the untrea ted leaves have definite interconnecting ridges 
formed by epicuticular wa x .  The trea ted samples ha ve less 
ridge forma tion. Lea ves from pl�nts grown in the field 
were similar to the lea ves from plants grown in the 
greenhouse. 
Field Experiments 1 9 84 
The sunflowers emerged normally in EPTC-treated soil 
a nd no reduction in sta nd wa s observed (da ta not shown) . 
Two weeks a fter a cifluorfen wa s applied, the sun flowers 
were eva lua ted for crop in jury and a significa nt 
intera ction between EPTC a n d a cifluorfen wa s observed a t  
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Ta ble 3. Influence of EPTC on epicuticular leaf.wa x 






EPTC 5 .04 
EPTC 6.72 
a values with the same letter on them are 
significantly different at the 5% level 
Waller-Dunca n k-ra tio t-test (k=lOO) . 




24 . 7  AB 
22.2 B 
21 .2 B 
not 
using the 
EFFECT OF EPTC ON LEAF WAX CHEMISTRY 









Figure 2. Nuclear Magnetic Resonance peaks for the 0.0 kg/ha and 5.04 kg/ha 





SEM of adaxt a 1 surface o·f fresh sunflower 1 eaves. 
A: greenhouse, sunflower leaf (x200);· a: greenhouse, 
sunflower leaf treated with 5.04 kg/ha EPTC (x200); 
C: field, sunflower leaf (.x200); 0: field, sunflower 






Toronto a n d  White. At Whi te the mul ti pl e �egression 
equa ti on fitted to the da ta a ccounted for 9 1% of the 
variation in phy totoxici ty (Figure 4). As the combin ed 
rates of EPTC a nd acifluorfen were increased, the 
percentage of phy totoxicity was increa sed in a sy n ergistic 
response. This sy nergism is evident in the upwa rd slope 
from both herbicde axes. When Col by 's Method for 
intera cti ons is used, the sy nergism i s  a lso a ppa rent (4) 
(Ta bl e 4 ). The expected values a re calcul ated by : 
E = X + y - (X * Y) 
100 
X = observed value wi th herbici de A a t  ra te p 
Y = observ ed v alue with herbici de B a t  ra te q 
E = expected value wi th herbici des A pl us B a t  
ra tes p a n d  q 
The difference between the observed value a n d  the 
expected va l ue a re presented in Ta bl e 4 for two 
combina ti ons of EPTC a nd a cifl uorfen. The differen ce a t  
the"ra tes of 1.68 a nd 0. 56 kg/ha of EPTC a nd a cifluorfen 
respecti vel y ,  wa s a n  increa se of 1.5. The di fference a t  
the 3.36 a nd 0.56 kg/ha ra te was 16.5, a 15 unit i ncrea se. 
Thi s  i ncrea se i ndicates a even stronger sy nergi sti c 
·response between EPTC a nd a cifluorfen. 
At Toronto, EPTC had li ttle effect on phy to tox i ci ty 
ca used by a cifl uorfen. Thi s a noma l y  between the 
i n tera cti on s a t  White a nd Toronto coul d be due to the sta ge 
of growth at whi ch the sunflowers were spra y ed wi th 









































Table 4. The type of interaction with various rates of EPTC and 
acifluorfen on sunflower phytotoxicity at White, South Dakota. 
EPTC Acifluorfen Expected8 Observed Difference Interaction 
kg/ha kg/ha - % - - % -
1.68 + 0.071 3.6 2.5 - 1. 1 An.tagonism 
1.68 + 0.140 7.3 5.0 - 2.3 Antagonism 
1.68 + 0.280 14.3 17.5 + 3.2 Synergism 
1.68 + a·. 560 28.5 30.0 + 1.5 Sy nergism 
3.36 + 0.071 3.6 1.3 - 2.3 Antagonism 
3.36 + 0.140 7.1 12.5 + 5.4 Sy nergism 
3.36 + 0.280 14.3 22.5 + 8.2 Synergism 
3.36 + 0.560 28.5 45.0 + 16.5 Sy nergism 
8Expected response of herbicide combinations ba.sed on Colby 's calculation 




a cifluorfen. The sunflowers were in the 6 -lea f stage when 
treated a t  White a nd 6 to 8-leaf stage when trea ted a t  
Toronto. Flore et a l  reported, th e reduction in 
epicuticular wax caused by EPTC is less intense with ea ch 
new set of lea ves (9) • . If so, la rger sunflowers would not 
be a s  susceptible to a cifluorfen, a s  wa s the ca se a t  _the 
Toronto loca ti on. 
A signi fica nt intera cti on occurred for sunflower 
y ield by the combina tions of EPTC a nd a cifluorfen a t  �vhite 
(F� gure 5) . This intera ction wa s simila r in response to 
th e interaction which occurred for phy totoxicity . 
Herbicide a xes a re reversed in the y ield surfa ce response 
for viewing of th e surfa ce. Th e combined ma ximum ra tes of 
both herbicides resulted i n  the lowest y ields a nd h ighest 
phy totoxicity ra ting. Acifluorfen reduced sunflower y ield 
to a greater degree th a n  did EPTC. This is a ppa rent wi th 
a larger a cifluorfen term i n  the 
_
multiple regression 
equa tion. The correla tion between phy totoxicity a nd y i eld 
(R•-.72) demonstra tes tha t  a s  crop i njury increa ses 
sunflower y ield decrea ses. 
EPTC - S unflower Hei ght And S tem D i a meter 
S unflower heigh t wa s si gnifica ntly a ffected by EPTC 
a t  White (Ta ble 5). The three hi ghest ra tes a ppa rently 
ca used sunflower pred isposi ti on to a ci fluorfen. When EPTC 
wa s a vera ged a cross a ci fluorfen, hei ght wa s si gnifica ntly 











Figure 5. Su"flower yield effects fr� EPTC and acifluorfen at White, South Dakota 
in 1984.Herb1cide -axes are reversed to view-surface. In equation, P=phytotoxicity, 
E=rate of EPTC, and A=rate of actfluorfen. w 0 
Ta ble 5. Influen ce of EPTC on sunflower height a t  White, 
S outh D a kota. 
Treatment a Rate Heightb 
(kg/ha) (em) 
Control 62.2 
EPTC 1.68 59.5 
EPTC 3.36 53.2 
EPTC 5.04 54. 7 
EPTC 6.72 54. 0  
aAvera ged a cross a cifluorfen trea tments. 
bva lues with the sa me letter on them are not significantly 









height, associated to EPTC , was not affected at the 
Toronto location. The difference experienced between 
White and Toronto are probably due to the different growth 
st ages at which acifluorfen was applied. 
was evaluated and 
EPTC had no effect at any location,. 
Stem diameter 
Acifluorfen - Sunflo wer Height and Stem Diameter 
Acifluorfen significantly reduced height of 
sunflowers at both White and Toronto (Tables 6 and 7). 
Maximum reduction was 44 % and 2 5 %  at White and Toronto 
respectively. The sunflowers were taller throughout the 
growing season at Toronto than at White. 
Stem diameter was reduced by acifluorfen at both 
White and Toronto (Tables 8 and 9). As wi_th height, stem 
diameter was affected most at the White location with a 
reduction of 2 5 %. 
The decrease in stem diamei�r may increase insect 
injury. The sunflower head clipper (Haplorhyncites aeneus) 
infested plots where stem diameters were smaller but did 
not infest plots with larger stems. Therefore, acifluo rfen 
treated sunflowers may be more susceptible to insect damage 
or lodging. 
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Tabl e 6. Influence of acifl uorfen on sunflower height a t  
White, South Dakota. 
Treatment a Rate Heightb 
(kg/ha) (em)  
Control 6 9.8 
Acifluorfen 0.07 6 6. 8  
Acifluorfen 0. 14 59. 5 
Acifluorfen 0.28 48.4 
Acifl uorfen 0.56 39.0 
aAveraged across EPTC trea tments. 
bValues with the same l etter on them a re not 
significantl y different a t  the 5% l evel using the 







Table 7. I nfluence of acifluorfen on sunflower height at 
Toronto, South D akota. 
Treatments Rate Heightb 
( kg/ ha) ( em ) 
Control 82.8 
A cifluorfen 0.07 80.4 
A cifluorfen 0. 14 78.8 
A cifluorfen 0.28 73.2 
Acifluor fen 0.56 62.1 
aAveraged across EPTC treatments. 
bvalues with the same letter on th em are not 
significantly different at the 5% level using the 







Table 8. I nfluence of acifl uorfen on sunfl ower stem 
diameter at White, South Dakota. 
Tr eatment a Rate Stem D iameter b 
(kg/ha) (em) 
Control 1. 28 A 
A cifl uorfen 0. 07 1. 23 A B  
A cifl uorfen 0. 14 1. 21 AB 
A cifl uorfen 0.28 1. 10 c 
Acifluorfen 0. 56 0.96 D 
aAveraged across EPTC treatments. 
bvalues with the same l etter on them are not 
significantl y differ ent at the 5% level using the 
Wall er-Duncan k-ratio t-test (k=-100) . 
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Table 9. Influence of aci fluorfen on sunflower stem 
di a meter at Toronto, South Dakot a. 
Treatmenta Rate Stem Diameterb 
( kg/h a) ( em) 
Control 1. 24 A 
Aci fluorfen 0.07 1. 22 A 
Aci fluorfen 0. 14 1. 22 A 
Aci fluorfen 0.28 1. 21 A 
Acifluorfen 0. 56 1. 05 B 
aAveraged across EPTC treat ments. 
bvalues with the same letter on them are not 
si gni fi cantly di fferent a t  the 5% level usi ng the 
Waller-Dunca n k-rat i o  t-test ( k=lOO ) . 
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SUMMA R Y  
EPTC increased cuticular transpiration on plants 
grown un der greenhouse conditions; however, under field 
.conditions cuticular transpiration was not affected. The 
leaf epicuticular wax was reduced due to the EPTC 
application. However, no chan ge in chemical structure was 
evident in the wax. 
Field studies indicated a significant in teracti on 
between EPTC and acifluorfen at White. The combination of 
both herbicides increased crop injury an d decreased yield 
synergistically. At Toronto, this interaction was n ot as 
apparent as at the White location. This difference is 
probably due to the di fferent growth stages at which 
acifluorfen was applied . 
The influence of ·EPTC s i gnificantly reduced 
sunflower height at White but not at Toronto when averaged 
across the acifluorfen rates. This difference in height is 
again probably due to the different growth stages. 
Acifluorfen reduced stem diameter and height at both 
locations . 
This research gi ves evidence that EPTC affects 
epicuticular wax on sunflower leaves an d EPTC may 
predispose sunflowers to additional injury from acifluorfen 
applied at an early growth stage . 
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Tabl e A -1. A nal ysis of v ari ance for epi cuticular wax weig ht 
on sunfl ower leaves from the treatment of EPTC. 
Sour ce D egr ee of Freedom Sum of Sq uar es F-V alue 
R epl ications 3 0.0 00014 0 .11 
Treatments 4 0. 0 00 470 2.6 6 *  
Error 32 0.001414 
* Significant at the 5% l ev el .  
T abl e A -2. A n alysis of varian ce f ot cuticular transpiration 
on EPTC treated sun flower l eaves after a 1 h time period . 
Sour ce Degree of F reed om Sum of Squares F-V alue 
Replication s 3 0. 0594 1. 04 
Treatments 4 0. 9 6 00 1 2. 63* * 
Error 32 0.6083 
* * Significan t at the 1% level. 
46 
Table A -3. A naly sis of v ari an ce f or cu ticular tra nspirat ion 
on EPTC treat ed sunflower leaves after a 3 h time period. 
S ource Degr ee of Freed om Sum of S q uar es F -Value 
Replications 3 0. 1 92 2  0. 32 
T reatments 4 3. 8 6 4 1  4 . 82 *  
E rror 32 6 . 4 1 97 
* S ignificant at the 5% lev el. 
Table A-4 . An aly si s of v ariance for cuticular transpirat ion 
on EPTC treated sunflower leav es after a 6 h time period. 
Sou rce Degree of Freed om Su m of Sq uares F -V alue 
R eplications 3 0. 731 5 0.62 
T reatmen ts 4 10. 7 315 6 . 83* 
Error 32 1 2 . 6 0 6 2  
* Signific an t at th e 5% level. 
4 7  
Table A - 5 . Analysis o f  variance fo r cuticular transpiration 
o n  EPTC treated sunflower leaves after a 24  h time p erio d. 
S o urce Degree o f  Freedom S um of S q uares F- Value 
Replications 3 0 . 32 7 5  0 . 2 5 
Treatments 4 1 4 . 5 14 5  8 . 4 4 * *  
Error 32 1 3 . 7 6 53 
* * S ignificant at the 1 %  level. 
Table A - 6. A nalysis o f  variance for sunflo wer yield resulting 
from the interaction o f  EPTC and Acifluo rfen at White, So uth 
Dak ota . 
So urce Degree o f  Freedo m  
Replications 3 
Treatments 1 6  
Error 48 
* Si gnificant at th e 5% level. 
* * Si gnificant at the 1 %  level. 
S um o f  S q uares 
1 7 5 5 4 4 9. 37 
7 4 2 1 2 0 0 . 38 
9 0608 5 1 . 2 2  
F - Value 
3. 1 0 * 
2 .4 6 * *  
48 
Table A-7 . An alysi s of var i ance fo r sunflo wer phyto to x i city 
r esulti ng f r o m  the i nter act i on of EPTC and A ciflu o r fen at 
Wh i te, So uth Dak ota .  
Sou r ce Degr ee of F r eedom Sum of S q uar e s  
Replicati o n s  3 7 5 0 . 0 0 
Tr eatments 1 6  3288 0 . 0 0 
Er r o r  48 5 3 4 0 0 . 0 0 
* S i gnificant at the 5 %  level . 
Table A-8 . A nalysi s  of var i an ce for sunflower he�ght 
resu l ti ng from EPTC at White, So uth Dako ta . 
Sou rce Degr e e  of F r eedom 
Replicati o ns 3 
Tr eatments 4 
Er r o ra 1 2  
Er r o r  48 
* * Si gn i ficant at the 1 %  level . 
Sum of Sq uares 
1 8 98 . 7 5 
1 2 4 3 . 5 6 
68 3 . 8 0  
22 02 . 0  
aAppr opr i ate er r o r  ter m  as sociated with the tr eatment . 
F-Value 
0 . 2 5  
1 . 8 5 -* 
F-Value 
1 3 . 8 0 * *  
5 . 4 6* *  
Table A-9 . Analysis o f  variance f or sunflower height 
r esulting f rom Acifluorf en at White , South Dakota . 
Source D egree o f  Freedom 
R eplications 3 
Treatments 4 
Err ora 12 
Error 48 
* * Signif icant at the 1% l evel. 
Sum of Sq uares 




aftppropriate error term associated with the treatment. 
Table A - 1 0 . Analysis o f  variance f or sunf lower height 
r e s u 1 t in g- f r om A c i f 1 u or f en a t To ron to , Sou t h D a k o t a . 
Sou rce Degree o f  Freedom Sum of Squares 
Replic ations 3 2230 . 96 
Treatments 4 7986 . 46 
E r r ora 1 2  528 . 74 
E r ror 48 4870.56 
* * Signi f icant at the 1 %  level. 
aAppr opriate e r ror ter m  associated with the treatment . 
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F -Value 
13.8 0 * *  
67 . 47* * 
F-Value 
7 .33* * 
45.3 1* *  
5 0  
Table A- 1 1 . Analysi s  o f  var i ance for sunflower stem di ameter 
r esulti ng
. 
f rom Ac i f luor f en at Wh i te, Sou th Dakota. 
Sour ce Degree o f  F r eedom 
Replications 3 
Tr eatments 4 
Er r ora 1 2  
Er ror 48  
* * Signi f i cant at the 1 %  level. 
Sum of Sq uares 
0.0 1 2 5 4  
0 . 1 9 6 4 0  
0.0 1 0 16 
0.0 3 4 9 3  
� Appropr i ate er ror ter m  associ ated with the tr eatment. 
F -Valu e  
5 .7 4 * *  
5 7 .9 7 * *  
Tab le A- 1 2 .  Analysi s  o f  var i ance for sun f lower stem d i ameter 




E r r or a 
E r r or 
Deg r ee of F r eedom 
3 
4 
1 2  
4 8  
* * S i gni f icant at the 1 %  lev el. 
Sum o f  Sq uares 
0.0 0 4 6 6  
. 0.0 7 7 1 9  
0.0 0 8 9 1 
0.0 3 4 5 6  
aAppropr i ate er r or term associated with the t r eatment. 
F -Value 
2 .  1 6  
2 6 .0 0 * *  
